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我们首先通过高分辨固体核磁共振谱(High resolution solid state NMR)对甲
醇在 Nafion 117 和芳香类磺化聚醚醚砜 sPEES 膜中的状态进行了表征。研究结




渗透率的原因之一，也是 sPEES 为何具有较好的阻醇性能的原因。通过 NMR 研
究还发现：“束缚”态甲醇分子比例在 sPEES 膜内随着磺化度增大而减小，而且甲
醇分子与 sPEES 分子之间的相互作用减弱，也因此 sPEES 膜甲醇渗透率随着磺
化度增大而增大。甲醇的状态，水的状态和质子交换膜中的微观结构是影响其性
能的三大因素。 
随后我们通过 6, 7Li，29Si MAS NMR 和测定 T1 对不同富锂硅酸锰锂材料的
结构组成以及该材料内锂位之间的相互作用进行了研究。研究表明富锂硅酸锰锂
材料主要由 Pmnb和 Pmn21晶型硅酸锰锂相以及无定形态正硅酸锂和偏硅酸锂组

































通过自建的电化学原位 NMR 测试系统结合固体 NMR 技术对锂离子电池正
极材料磷酸铜的充放电机理进行了研究。研究表明磷酸铜在放电过程首先是锂嵌
入过程而后发生转化反应， 终生成 Cu 和 Li3PO4。首先锂嵌入磷酸铜可能生成
LixCu3(PO4)2，当嵌锂量较低也就是当 x 较小时，Li 主要位于 Cu
2+附近，随着放
电，嵌锂量增大，x 变大，Cu2+逐渐变为 Cu+， 后转化为零价 Cu，并且生成
Li3PO4。另外还有少部分磷酸铜颗粒较小锂更易进入，二价铜被还原为 Cu
+，可
能生成 Li2CuPO4 而后转化为 Cu 单质和 Li3PO4。而磷酸铜锂离子电池在充电过
























As the present portable and mobile energy products, lithium ion batteries and 
direct methanol fuel cells have attracted much attention. Many studies on the 
materials associated with these two cells have been done, particularly on the 
development of new cathode materials for lithium batteries and proton exchange 
membranes for DMFC. We all know that the performance of the materials is 
intimately concerned with their structures. NMR is a useful tool in characterizing 
short-range and local structure of materials, especially for amorphous structure 
materials where XRD pattern can’t be applied. In addition, NMR can provide useful  
information concerning the ionic diffusion and reaction dynamics. The application of 
NMR in the research of materials can provide a powerful theoretical support for the 
study and development of new electrochemical energy materials. Here, NMR 
spectroscopy combined with some other characterization methods are applied to study 
the methanol resistance mechanism of acromatic proton exchange membranes for 
DMFC and several cathode materials for lithium ion batteries. 
The states of methanol within Nafion 117 and sulfonated poly(ether ether sulfone) 
membranes were characterized by high resolution solid state NMR spectra. The 
results demonstrate that methanol molecules within Nafion 117 mainly exist as “free” 
state, which means there almost no interaction between the methanol molecules and 
the backbone of Nafion 117. However, the majority of methanol molecules in sPEES 
membranes exist as “bound” state. It’s demonstrated that not only the hydroxyl group 
of “bound” methanol is bound with the sulfonic acid, additionally, there exists a 
strong interaction between methyl and the phenyl group of sPEES, which would block 
the motion of methanol. We can conclude that the different states of methanol in these 
two membranes is one of reasons for their different methanol permeability. In other 
words, the methanol molecules mainly exist as “bound” is one of reasons for lower 
methanol permeability of sPEES membranes. We even find that the proportion of 


















Furthermore, the intensity of interaction between “bound” methanol and the backbone 
of sPEES is decreasing, too. These should cause the methanol permeability of sPEES 
increasing with the increasing sulfonation degree. 
The structure and composition of the lithium-rich type lithium manganese 
silicate materials as well as the interaction between Li sites within the materials were 
studied through analysis of 6, 7Li, 29Si MAS NMR and T1 measurement results. The 
results show that lithium-rich lithium manganese silicate is composed of Pmnb, 
Pmn21 Li2MnSiO4 phase with amorphous lithium silicate and lithium metasilicate, 
which coated on the Li2MnSiO4 phase. The proportion of Pmnb crystalline phase is 
increasing with increasing rich lithium. It’s demonstrated the distance between 
Li4SiO4, Li2SiO3 and Li2MnSiO4 is so short that there’s cross relaxation between them; 
even there may be Li+ exchange. The amorphous lithium silicate and lithium 
metasilicate coated on the Li2MnSiO4 phase acts as dispersion agent, which increasing 
the lithium diffusion path, thus improving active electrochemical area. Therefore, the 
lithium-rich materials show larger discharging capacity than stoichiometric materials. 
Additionally, our research found that the composition of lithium-rich Li2MnSiO4 
materials changed after carbon coating. More Li4SiO4, a good lithium ion conductor, 
was formed after coating, which may improve the lithium diffusion. 
Here, the in situ electrochemical NMR probe and in situ battery cell were 
designed and built. The built in situ electrochemical NMR probe shows good B1 
uniformity with good resolution and signal to noise rate (SNR), which can be tuned to 
23Na (105MHz), 7Li (155MHz), 31P (162MHz) and so on. For shielding the noise from 
the Potentiostat and conducting wire, low pass filter was applied and optimized and 
part of conducting wire was integrated to the probe to improve the SNR. The 
configuration shows very good performance and the noise is almost shielded. 
The charging/discharging mechanism of copper phosphate was studied by the 
self-built in situ electrochemical NMR system and solid state NMR spectroscopy. The 
results show that there’s an intercalation process occurred before it’s completely 


















is formed while lithium intercalated into the Cu3(PO4). Copper mainly exists as Cu
2+ 
while the intercalation lithium quantity is low and x value is small. Afterwards, Cu2+ 
will be transferred to Cu+ before it’s reduced to Cu with the discharging and 
increasing x value. Simultaneously, Li3PO4 was formed. Additionally, there are some 
Cu3(PO4)2 particles with small size are reduced to Cu
+ directly and producing 
Li2CuPO4 owing to the lithium is easier to insert into. In the charging progress of the 
batteries, LixCuPO4 is formed firstly. And then LixCuPO4 may be transferred to 
Cu3(PO4)2 with the deintercalation of Li
+. 
 
Keywords: Direct methanol fuel cell, lithium ion batteries, proton exchange 
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